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(54) MAGNETO RESISTANCE EFFECT ELEMENT film including Au. Ag, Cu, Pt and Pd. 



(57) Abstract: COPYRIGHT: (C)2000,JPO 

PROBLEM TO BE SOLVED: To obtain a 
magnetoresistance effect element having a high MR 
(mag netoresi stance) ratio, not causing peeling and 
abnormality in the element and ensuring a high yield 
because the element has a lower electrode having a flat 
surface and excellent in adhesion to layers situated 
above and below the electrode and a barrier layer in the 
element is therefore flat. 



SOLUTION: When a lower shield layer 1 and a lower 
electrode layer 2 are laminated on a substrate and a 
ferromagnetic tunnel joined part is further laminated on 
the lower electrode layer 2 to obtain a 
magnetoresistance effect element, the surface roughness 
of the lower electrode layer 2 is adjusted to 23 nm and the 
lower electrode layer 2 is formed as a single substance 
film, a multilayered film or an alloy film including Ta, 
Zr, Ti, Hf, W, Mo, Y, V, Nb, Au, Ag and Pd. The lower 
electrode layer 2 may be formed as a multilayered film 
consisting of a 1st layer which is a single substance 
film, a multilayered film or an alloy film including Ta, 
Zr, Hr, W, Ti, Mo, Y, V and Nb and a 2nd layer which is 
a single substance film, a multilayered film or an alloy 
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(54) [^^<7>«j»] m&mtmMtt 



(57) K»] 

mm*. 3nmMT£^&o X. T®*U12£, T 
a, Zr. Ti, Hf, W, Mo. Y. V, Nb, A 

u, Ag, PdMrwfk &m®, xit&mt* 

6. X, TW$m2^ Ta, Zr, Hf, W. Ti, 

mo, y, v. Nb$:#t/#^ turns* x\*n&mv 

3bZ>miM£* Au, Ag. Cu, Pt, Pd«ttfJ|i 




1 

mtzm. m%m. mrm. 7U-» ±mm. & 
4rxm* yv-m. m%m. mfett&m. mi±m 

^£^mmmm^. 

£ *immzm&\^xmm\zm.&>£& tt^\z, wm 

msr^-* \?m<Dmm®m*: 3 n mvxFt-rz z. t & 

s-e-sji. m%m. rtvrm* yv-m. ± 
mzmkmm l t^^mmwmi L X'$>-D x. 
otb? tmm\zm&a&££*>\z„ mmm 

-f r^mnmitfmzy u -stc^-r s z £\z <t oritr 
BMW 6] ^±{ct^>-;vkm. tww* @£ 

±m@^> ± 

trashy nmmjUT7.m\zm.mhtitiL^ 
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s«Ji, /turn 7«;-e fMfcftfOT, 
m§mtmzm*x$><ox. 

MBT^-;v KJBOSfflWSfe 3 n mJ^Ti:^ Z. £ 

20 n$3g9] ttffSTm^^ Ta, Zr, Ti, H 
f. W, Mo, Y, V, Nb, Au, Ag, Pd©^ 

ZZt ^fctSiM 1 72rM 8 <b v ^tub^o tela 

[waioi m^mm\%. Ta, zr, Hf. 

W, Ti, Mo, Y, V, Nb<Dtpoyp&<£*)— o& 

Au, Ag, cu, Pt, p&e>tpayp&<£*)— o& 

1 1 ] ft 1 73r^ i o ©v *t,*t— oicia 

fegaifts^sfeftowMtiM^^t* its 
^^m^^>r^^^-^£^^^£^^£ 

[000 1] 
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[000 2] 

[m^>&m t&fc cmr) i>yvx\*^v 
&*e&i (amr) imt&^xmfct*. amr^ 

0><fc<JfeU*$mL D. A. 

(Thompson) O^rMemory, Stor 
age, and Related Applicat 
ions" IEEE Trans, on Mag. 

MAG- 11. p. 1 03 9 (1 9 7 5) fca5TV\ 
£. AMR^fcMv^&j^y F-VltsVlt^VHy 

Z<m/UT*m&mtLT. FeMn, NiM 

cooo3] ae>Ki«fiT^ «w^iz>*a*8aE 
*. z.cm$mmm\^ ^^m^mn cgmr) & 

[0004] W2-6 1 5 7 iS^Ji 
[*©^®KW3»!IIC J: otiWl^ ^M RgWfc £ 

tte&awf&nxv**. *isi«c«fcy$Htti,x^ 
fcti 2jf(z>saBfflM©--**ca3ea-&sji€:w 

l»Lfc«feJ:rJWea-B:SShLTFeMn3E«8S"e 
&5r£am^£*xxv*& 0 40 

[0 0 0 5] 4$§§¥4-3 583 1 O^^lCJi, 
S^ftC/^MJglC<fco Xti^fcftfc&BHMWB 2^CD 

[0 0 0 6] m&$m2 7 0 1 7 4 8««WC^ V 
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[0 0 0 7] 4$§§¥4-1 030 14#£ggtCfck Sffitt 

[0 0 0 8] *©4$i*5, 3 9 0, 0 6 ltCt^ 
[0009] 

TttBLticifiatt h >*,n«6fiP3W8Wsns * -f :/© 

oxttfc£¥fflx«tfttv*i:v^ fctf xtefc 

[0 0 1 0] #©#|*5, 3 9 0, 0 6 itci§a*$nx 
v**«fC T«ffiWfcOXteCu*Al&tfvvfc0![ 

teaswtwu a i it<m&(D±T\z<z>m£CD&m&\z\ l t 

M (TMR§: Tunne 1 i ng Magneto 
-Resistance!) &&$£-&X&*£. 

£;^Rifett#&ft&*i©©, CuJf©±T©Jit©5B 
»&C#»A i!S<Z>f^ST^il^^^fc»J, ^^fi 

[ooii] ^ah^*;!^^^^ Fm&rmmn 

[0 0 12] -eZT\ *^ti. 3®3WfiT?*y, ± 
fcftK/<UrJB^SX&ftifc^&MRJt3raf<, iff 
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[00 13] 

[0 0 14] ^^tcfcv^li, i^Ufe^l^iai 
^^J^?-tCfe^T> Tiii2(7)^iil$:3n 

[0 0 15] X. ^CDT^^** Ta, Zr, Ti, 
Hf, W, Mo, Y, V, Nb, Au, Ag, Pd&^ 

tr¥fe Mflfe ltv*s. 

[0 0 16] X, ~F@HJi£. Ta, Zr, Hf, W, 

Ti, mo, y, v, Nb&^m mjr Xlttt 

&$%V&Z>mM£> Au, Ag, Cu, Pt, Pd£ 

£bT%<fcV\, 
[00 17] 

[^OMfiCMflll] JOT. 0®£^f8l/T, #$#80) 

«<^flKov*TWiirt*. 

[0018] mutmttoTwmmzzx^x&fczo 
tic* y ®*Ki±tE^«E^T&s, ai 

WCu(^^lT&5. AlC0#^tt#^(*4 
SGPafcfiffTffeS^ «raiESttO. 4 5nm^ 
CuMTOIfflaiO. 2 4nmi:MT^ 
fl»E7ttl 9GPafc/J\S^. iftlC*fU Al 

2j, ^®fE^i:=&tc®ftTv>£> 0 
[0019] iffltiiMftx^titttmtmz *Jtc<^ 

WT^M^M^S <fc e» tCfgft^ ftT V * 

[0 0 2 0] TWBWWffieWffltttt-t^iJcjgrftS 

[0 0 2 1] H2«CaV*\fcSKU ^yyJfSCO^** 

v * £ * y yjg 5 ©j»c»ffiic * c*. 
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[0 0 2 2] m$3&S8&lSfr\+J KfcOTttVKo*^)® 

[0023] H3tC2/-/l/KS-fe>-9-8P«:ae 
^7'J>^® (ABS:Air Bearing S 
urface) 

10 [0 0 2 4] ©3{C^-r^5fltCfeVNTti, ^feLCT 
2/-;i/K, T@^®2, Tiffi. 3, ©5t 

S4, ;tyyjf5, ^y-gjWKSfcRliSjn*. 
tested j: e> c/t* - >fts*ifc»*>f r^Ji 6 s 

$>m 3 /s^s 4 y r Jf 5 / 7 y Hf©as##WB 

[002 5] lit', 7y-JSJCfeV^T*±, xt:>A;v 

20 ft-rs<z>T, ^y-ji^A/ev^. 
[0026] x, *t:>A;i/:nc33vvn±, 

y-scD^fts^m^ufe^, ^as^^LT^y- 
JSWiWbTv**«H£Jitt. *<0aKb#Hj£SftTv** 

So 

[0 0 2 7] x, @££-£SJ§i:fc£, w&mamtfjm 

30 [0 0 2 8] ST, ^OttBSUCfiWt, &tC0#<D_L 

^fe^ic«sftfeia»)i7©ra€:ay, 7y-j», 

mm<Dmifr*>%mzftx^z><DX\ w&t&rniixzm 
asaws*iTv^©T, -t®«/wr^tt7y-jijc 

[0029] z.zz<\z. yy-jv ^±^rmm^mM 

U ±@MJitC±^-;i/K$:St^Ufc^tCo^TiajzE 

Of^(Cti±§iJ® Z. £ t> «T|gT*fe5> 0 

50 [0 0 3 0] [«Bi2] H4JCS/-^/FS!'fe>'!^as«:A 
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So *<D±\z®KBLfc.*t>\zji*-y{t2tirz±mm [0033] [«Bg4] h6c*/-;i/KSiz>-his&a 

//*y r® 5/7 y Hi©«»#§tt^ h -sawisne. *0±iz®(dj: e> c^* - >flsa*i 

wfa\t± 4 m&^y ] j- jUTxM6<D®<Dm*\z. jvjTms/mjzmi/m 

M. /tUTJBS, E5&I4, @£$-t££Ji3£jii&U 10 ££i*:5Ji 3/±m^8*^®$tlZltl^^COJ;e> 

!s-)iF*:%miz^z>-£*jT'Zz> 0 sssmmtrm [0034] rrtu ry-jv^zynm^mmi, 

mM2t<Dm\z\ r tri&M. y^-mt±masta>fs tz.mk\z^xj&^i)\ ry-ji^trmm^miz 

[0 0 3 2] [#513] 05tCi/-;V^ir>-^SSS:A S. X. T5/-^KfcTttffi«^tC**r fc*T« 

b s®(:TO:^Joti^)W®S^^t fl z<d*I *. T®M® zt7V -mt.(DmizteTim$:&VZ>z. 

^®±JC7U-JSfe<fcW<UTJl5A^WSft [003 5] [$&g5] S7 ICS/- /I/ KSHZ V-WP&A 

y r* 5 y Hi<z>si^a^8?£ h >*;bfe^ ±awcwLfc«wi s £<fctfir>-;i/ kjb 9 awsan 

3, mjzm^ ytyrjgs, ^y-js&aasu t®^ is-eii* ^c©^±@@A^T@^^^$:5S^fci: 

®2/si:gfyx^» rcogt »Mr^*6t*«Sfl>«En 40 «ft»*±«ffi^&7y-Ji, ^yr®5, 

^cBi^-rsri:tt<fev\ «/<>rr^Ji6tt7y- S4. H3es-e4*3SjREWiiau T®ii2^« 

jB±tcasawsti"Cv^©"t», wut^i^u ns 0 3^ #a/wr^®6ti$^^7fej:u : AyT 

-®tc-f-^m&D$ns3i:lc^-£> 0 Ife^ot, lOi »5JC«fcy@3©B4JS*T©JiA:««9a»S*iTv^ 

■fe>^«fi€:«ffW't64:ra^«C, 7y-®tcm&n$tl-5 T^Jf6tt7y-»C«UTV^<0-e, WW7^ 

v^TSE^fc*^ Tf>-;i/ F£TWMt<Dr& xit±wm ffij\z^y*WM*w®?z>tnmz. 7V~m\ztm 

Si-^riifenltiT'feS. X. T2/-;i/KtT«fe -h 50 [0 0 3 6] xrT'ti, TS/-^K±tcTWIS:«W 



g 

;i/ k&g>otct** v -?mt Lzmm 7 Zffl&tZZ 

£fc«IfgT*fe&o X, T2/-;i/KfcT«& ±WMt± 

[0 0 3 7] X, rrTtt^^h>^;i^S5©e)^ 
7yHI©#&^*->fbl/fc»££o^T^l,fej& 

[0 0 3 8] [8££6] H8K*>-/UKffl-fe>-*ffflS&A 

b smzmf^zm-Dtz^^mom^m^-to zom 

CD*^t*->fc«lfc7yHI&W**. 7U- 

tto^craWMWtt/t'r 7*JI 6 # *oara# ? y - 
/@£<*-es;i 3 /m%M4 /} < y tji 5 / ^ y -Ji<z> 
Wihmfife^&^y-js, ^yrjf s^M4, @£ 

3-&**3SJUSfeiijaU T®fU12's£:fcfcft3 0 Z<D 

-M(c^ltv^ot% -eom/^r^ti^y-^tc-h 

sr^tcty, &^h>*;i/g^£^£^>xm 30 
fcGWc. 7y-SJcBJRTsn*«/^r 

[0 0 3 9] rmi. T5/-;i/K±«CT«ffiMWi 

5/-;i/K«OTi;:«£i:*n?SS. T«Bli2 4:7y 
b >*;i>IK^8iW>-5 ^7 y —M<o&itrt* - fc L 

[0 0 4 0] CflBS 7] 09ics/-;i/K^ir:/-9-§S£A 

3, ©^4fe<fctf^yTM5A^C^$tl-5> 0 *tf> 

±\zm<z> <t e> c/t * - >{fcj* 17 y -ji/Jiwwwuf 
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m%m 4 /Ay tji 5/7 y Hf<z>aKtt<3&& h >* 
-rr^®6, xmmm. yv-m. ^yrss, 

tis. r« BMfcfi»^T^6»aWM7fto 

yv-M\z-\-&mazti&z£izte&. i^ot, z 
<7M&zm^z>ztiz&*). sm&by*)i<m&&izffi 
n*-fe>x«ft€:Wirr-64:iTOKu ^y-jicBisrs 

[0 04 1] IIT'H Tf>-;V K±CT©@£&/i 
T5/-/i/FfcT«W:©ISI. XWLfc«ffii:±5/- 

;i/ KtoiaifcT^ v ?mt Lxmm 1 *w&tz> z 

fcfc»HBT?&*. X, T2/-;i/F4:T«ft ±®*§£:i: 
S/-;i/Ffc^M-*ri:%>T«. TWW2fc7y 

* a x, zzT'\*mz&by*)i&£B<D-?>*>y ] )-' 
m<Dfr*rtz-yitLfz^\z^T^tt\ 'p&< 
fc%j7y-jf^ , c*->fbsnTv^*itfj:<, ^tu^T 
©fP^tiif r * rv^^f - >{tir*frttmsa&{'t& z t 

[0 0 4 2] H3 3^6H9©7o<0«raiC»fi:-r6ft3ft 

^Lt=.i)\ m&izim^cmttco&nzm^&zttf 
[0043] m 1 0 tc^i-^^g 1 oymmtmzm^ 

¥Wm\Z&^T. Aim** TS>-;i/KJi/T«ffit«: 
oT^«. X, B1®H TS/-;i/KS/^Fmffi/Hje 

x, ciint T^-zi/KW/raffi/sss-ssiB/ 
a3£«//< y y -^/^m r x^/$s^/ 
±wm/±y-fl'};m£&vT^2>. x, masit, 

TSz-A' KJf/TM/H3feS«M/BI3eii/Ay 7 

m/y y -jb/±«w/±s/-/i/ k® £fc o t ^s. 

[0 0 4 4] 01 ltC^^B©2(75S^^T^^-?^) 
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s«jf/@s»/Au rm/tmm/±mm tfco 

«Jf/H3e»/^yrJi/»ftBWi:«:oTv^. x, 
DZmt. T2/-/l/KJl/T ? m/IS3eai3:*Jl/!i3e 

H£»/v t y rM/y u r*jf /±s/-;i/ 

^itesi*** /H£M/vty y -m/±m 
mm/msUTxm/±f-j\'\ : m£&'DT^z>. x, 10 

[004 5] @1 2C^-T«t3^«^^^^ 
¥®0lcfcwt, A3®H TS/-/i/FJi/T«K:<fc 

-s/^yr^/sittWiaiftoTv^. x. C3&ii, 
ts/-/i/ F»/r«ffi/» v rams? y hi /vt y 

x* D3»*. TS/--n/KJi/Tm/7y-Ji/^y 20 
^ y hi/a y rm/immx±^mMy±t/-)v m 

il^oTV^o X* F3gjfck T2/-/1/KJI/n f Wfi/ 

7 y hi/a y rm/wm/±mm/±*s-fr 
[0046] 0 1 3 {Z7*?mk4 <Dmmmb$m*<D 

¥®0tcfcv^ A4®H T$/-;i/FJi/T@f§£fc 
oT^-6 0 X, B4SHi, TS/--fl/KJi/T«S/7y 

Hi/Ay yjf/iwwifcfcoTv**. x, C4»* 30 

Jl/±2/HI/FJ§fc<fcoTV**. X, D4&H;t r^>- 

;v y Hi/Ay y;i/®5£/f /E5£2 

it&M/im^^^-^F/lilfcoTV^. X, E 

4«p& T^-^FJi/T@fs/:7yHi/Ayy;i/ 
4»n T^-^FM/Tm^/^y Hi/Ayr®/ 

raw/±«ffiiifcfcoTv**. x, H4»* t*>- 40 
;i/ F»/r«ffi/7 y -m/imm/^-fr mt& 

[0 04 7] S14C^t^50D^^tS&^?^> 

¥B5E»c£v*t. A5iiti T5/-;i/KJi/T«ffi£fc 

oT^£. X, B5«i. T5/-/l>KJB/Tttffi/S5£ 

si**ji/iijeji/Ay TM/mmtte^T^z* 

X, T5/Hl/FJI/T«B/H£S-fr*Jf/ 

@£»/a y rm/mm/m u rzm/±M6m/ 

_ts/Hi/F»i:fcoTv**. X, bsffistt. Ti'-^F 

I/Tti/If /AV 71/7 'J - 50 
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*/±WW/±S/-^KEfcfcoT^*. X, E5&S 

y ris/TWWf /±mflw/±s/-;i/ FJt*:*oTv\ 

S. X, F5§pti, T^-Ji/F/I/TSB/Hfeas-fr* 

m/hsh/a y rM/-7 y -m/mm/wu 
[oo4 8] ai 5 {zjr.-tmm e om$mm%m^<D 

otv^ fl X. B6»li, T^-^KJf/TWS/ISje 

s«»/hj£»/a y rm/mm t. & o r v vs. 

X, CBfflitt, T^-;i>KJi/T«ffi/@ftai«JB/ 

hss/a y rs/i^M/mft;^/^ T*m/±m 

flSf/±S/-/l/FJBfc&oTVv5. X, D6fl»t TS/ 

F«/r«ffi/ir3feaia:-&J»/S3ej»/Ay rm/ 
7y-jf/±«w/±s/-^/KJii:«toTv^. x, 

E6fflSUu T5/HbF»/T«&/HJE3-l«/i/afe 

*/Ay rs/J^®/±m^/±i/-;u FJlfcfco 

T^<5. X, F6§H TS/-/l/KS/TWB/BB£3 

*«jf /njeii/^y y -Ji/g^M^M r 
[0049] 01 6izi*i^7<m§ffimbm&<» 

smmiZ&^X, A79J1 TS/Hl/KJi/TWSiifc 
otv^. X, B7»H T2/-^/KS/T«ag/iajfe 

s^sjs/sjM/^yrJB/waMt^oT^ft. 

X, C7»»4, T*>Hl/KJB/T«ffi/H3£3i«Jg/ 
HJgJf /Ay rJB/SMWi/imSW^S/-^ FJf i: 

fcoTWS. X, D7gPtiu T*>-;i/FJi/T«ffi/B 

£a-&*jB/H£*/Ay r*/? y Hi/jrafHWJS 
/wu r*»/±«®i /±s/-;i/ mtf^x^ 

[0050] mz, H3^&H9Kja%Lfe«tl3^e>* 
[0 0 5 1] 01 7ttB3lCa%Lfc«St©'Vy F©ffcfifc 

h>^;i«^ (mtj) sTO^^-rs. ^C0±tC^ 

fcft«cy7h*7-r*. PR&^U ^»J7I 

[0 0 5 2] 01 8li04tC^Ufc^tCO^^ FCOf^^g 

(mtj) £J!fr#&&i-£„ ^cD±tc^ 
>$/;i/PR£MU Ayr^5tT^y>^bfe^ 

u ±mffiSfi«i/fc«tcy7h*7i"&. pr&m 
u »ur^&t»fi»ii7s«RUfc«*cy 7ht7 

■t«. T«»Wffi^S*T?MaW7«|$&^feWU ± 

2/-;i/FS^«. 
[0 0 5 3] 01 gfctBSICjSUfcttSfcDA^ FOfTO 
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ZfmL&mzv7h*7*tz>. wc mtj, ±mm 

[0 0 5 4] 02 Oli06lC3*Lfc«Bfi<B'\s/ Ktf>ffr& 

(mtj) , ±@^£*i#^t-& 0 ^ 

±KXT-:/S//l/PR&JWtU 7U-J1*7?^U>^L 
^CPR^$:t^ JgtC, PRfcflWU «/t-f 7 

^r$*;w*-*;i/sKy-y2/>^ (cmp) 

[0 0 5 5] 02 lUS7Kj3%Ufc«6©'vy K©ffrK 

h>*;i«£ (mtj) fcjRM&fr**. ^co±tc^-r 

>5/;i/PR&«RU M'J7f5*T^ U>^L£& 
C if®^7fei:t^X>fr^6S:ill^^EU U7 

[0 0 5 6] m8tC7*Ut-ffi&<Dftf&3mtm2 l ICjg*. 
LfcH7(3!)flBK«&^fcrai;T»*, 
[0 0 5 7] 02 2ttH9CjgU,jM8l^'Vy KCOf^^Si 

h>^;i/g^ (mtj) , xmmm* wwrxme 

Zmftm,'f&. *<0±£*^>^;i/PR«:JKJ»U ^ 

[0058] 7mk*m8r?zmk<DmmiZ'o^ 
[0059] ^js&ftWi-s^iib-rji^Tctm^ 
[0060] b&ki tm-v*?^ sic, t;i^:K 

[00 6 1] [T^-;VK@1] NiFe, CoZr, 
XteCoFeB, CoZrMo, CoZrNb, CoZ 
r, CoZrTa, CoHf, CoTa, CoTaH 
f, CoNbHf, CoZrNb, CoHfPd, Co 
TaZrNb, CoZrMoNi^, FeAISi, 
mm$$m. MnZn7i^ K NiZn7x7>f 

k Mgzn7x7-fh«sm 

[00 6 2] [T«S Ta, Zr, Ti, Hf, W, 
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Mo , Y, V, Nb, Au, Ag, PdSr^-^^i" 
It. Ta, Zr, Hf, W, Ti, Mo, Y, V, N b 
Au, Ag, Cu, Pt, Pd fcffi 

[oo63] mwmm Aimm. simm* 

10 A-JiO, Au, Ag, Cu, Mo, W, Y, Ti, Z 
r, Hf, V, Nb, Ta^^^m MJft 

[0064] [±m@Ji8] Au, Ag, Cu, Mo, 
W, Y, Ti, Zr, Hf, V, Nb, Ta^^i 

[006 5] [±S/-;i/K»9] NiFe, CoZr, 
XtiCoFeB, CoZrMo, CoZrNb, CoZ 

r, CoZrTa, CoHf, CoTa, CoTaH 

f, CoNbHf, CoZrNb, CoHf Pd, Co 
20 TaZrNb, CoZrMoNi^, FeAISi, 
mmMm> MnZn7i7>f K NiZn7x7>f 

K MgZn7x7-fh*^sm tSZXf 

[0066] mm7] Aimm. simm. m 

[0067] CT^-vy^Jl] AlBWfcft. Sigtfb 
30 ^ #JfBk fc,fct«£#«fl< 

[0068] C±dfiry^MI AlWfctt. SiWb 

gfls7;i/S-*A, sfbs/ynv, *V-v^>k^ 

[0069] SJMM\ Au, Ag, Cu, Mo, W, 
Y, Ti, Zr, Hf, V, Nb, Taftt&feSJtlfc 

[0070] ^7^16] CoCrPt, CoC 
40 r, CoPt, CoCrTa, FeMn, NiMn, N 
iMVfa NiCo^fb^ Feifbt NiFegffb 
4& I rMn, PtMn, PtPdMn, ReMn, C 
o7x7-f K Ba7i5^h^4W #J1^ 

[0071] ^mzmmi-t-^-tm^v k^lti* 
T-zz, mzmmfc mx.& Nizn7x7>fK 

MnZn7x7>fK MgZn7x7>f h) ICtiSPtA^ 

so m. simm. mtr^^~^i^ sfbs/u^x ^ 
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COO 7 2] 

A, ^fi^«^^^8^S^/Tm^M2 

b, mmm^immm/rmm2/rmffl 

c, ^?8^t^/^(4^^ 

H, ^^(*^/^H^^7/T®^2/^^ 

I. ®^ff^S/^i4J^^7/^3-^^ 

k, mmm^ymmm^/4m^mm i /& 
ta^M^^-r r 6 /±@*§j§ 8 

N, 5ftg£f£ttg^#^^ 
Ji8 

NiZn7x5>f K MnZn7i7-fK MgZn7 

X7>fh 

CoCrPt, CoCr, CoPt, CoCrTa, F 
eMn, NiMn, NiKfWfc NiCogffb^ Ir 
Mn, PtPdMn, ReMn 

NiFe, CoZr, XttCoFeB, CoZrMo, 
CoZrNb, CoZr, CoZrTa, CoHf, C 
oTa, CoTaHf, CoNbHf, CoZrNb, 
CoHf Pd, CoTaZrNb, CoZrMoNi^ 

FeAISi, mmMm. MnZn7i7^f 
K NiZn7x7-fK MgZn7x7-f h 

Au, Cu, Mo, W, Ti 



9) ^§§2 000-215415 

16 

» W 7 *® 6 OUgcD Lfrfc £ LT ttB 2 8 - 3 0 CO 
3 ft U ##£.&tt*. 

[0074] m2B\t&m.hy*)ti&£mj<Dtmiz 

[0 0 7 5] ^ lt^T©« 

• &&/T1&M/7 U U 7Jf 5 /S5&1 4 /a 
££-££J13/figBi 

• g&i/ywi/y y Hi/us i mrx>a^^i//i 
y y* 5 /as&f 4 /s^si*** 3 /mm 

• w&/Ti&m/7 y hi /vt 'J7I5/I2mrx> 

• £*£/Tifc®/7 U Hi/« 1 MRx>a>WA 
20 yrJf5/»2MRx>/\>^Jf/HJSB4/|il3ea-& 

£jf3/#&® 

• asR^Fieji/ass-&*ji 3 /Bjeii 4 /a y yji 
s/7V-m/mm 

• ^®/t^/©^$-&^m 3 /hjot 4 /as 1 mr 
x>/\>^//vj 715/7 y hi/asm 

• 3i«/T«ii/H3ts-a:.*Ji 3 /m^m* /* y yjg 

5/i2MRx>/\>^!/7 'J -I /Mi 

• ^£/t±&i/@£3-&£J§ 3 /«w 4 /IlMR 

x>;n>^I/AU7I5/I2MRx>;\>^I/7 

30 y -Ji/fiaw 

m, m&M& xit&mmzm^z. Attain, t 

a, Hf, Zr, W, Cr, Ti, Mo, Pt, Ni, 
Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, A 
u, Os, Pd, Nb, V&*TfZftb<Dtm<D&it&t 

j&5:J§V^. §S&n5tJt£LT> Ta, Hf, Z r, W, 
Cr, Ti, Mo, Pt, Ni, I r, Cu, Ag, C 
o, Zn, Ru, Rh, Re, Au, Os, Pd, N 

40 b, vfej§v*sr*:fcT?«. T*Wttfflv^4&£% 

[0076] ^y-^ilbTli, NiFe, CoFe, 
NiFeCo, FeCo, CoFeB, CoZrMo, 
CoZrNb, CoZr, CoZrTa, CoHf, C 
oTa, CoTaHf, CoNbHf, CoZrNb, 
CoHf Pd, CoTaZrNb, CoZrMoNi^ 

[0077] Avrm^ti^xit, mm. mm. m 
imt.mm(om^x\t^m/mm2mms &m/ 
50 wdbzim& &m/ «ffcte^»fcwt©ffl^») 2 
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JIK& *m^Z>. Ti, V, Cr, Co, Cu, Z n, 
Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 
g, Hf, Ta, W, Re, Os, Ir, Pt, Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 

arnmz ct vmimcD^fa #m x\tz 

tie>i:Ti, V, Cr, Co, Cu, Z n, Y, Z r, 
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, T 
a, W, Re, Os, Ir, Pt, Au, Si, Al, 
Ti, Ta, Pt, Ni, Co, Re, VOgKb&tf3<fc 

[0 0 7 8] ^lfc<fct/fS2MRx>;\>;*Jf£bTl± 
Co, NiFeCo, FeCo^s, XJiCoFeB, C 
oZrMo, CoZrNb, CoZr, CoZrTa, 
CoHf, CoTa, CoTaHf, CoNbHf, C 
oZrNb, CoHf Pd, CoTaZrNb, CoZ 

[0079] ©5t/l4£:bTte, Co, Ni, FeM 

Co, Ni, Fe$r^-^tC-t*«5^;V-^^ 
3&6#{*. ^> XlitWmt.. Ti, V, Cr, C 

0, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Hf, Ta, W, Re, Os, I 
r, Pt, Au, Si, Al, Ti, Ta, Pt, N 

1, Co, Re, V&'<-*fc-r*$0l/-^6fca|l 

[0080] Co/Ru/Co, CoFe/Ru/Co 
Fe, CoFeNi/Ru/CoFeNi, Co/Cr 
/Co, CoFe/Cr/CoFe, CoFeNi/C 
r /C o F e N i ti^J&fi&fT'&So 

[0 0 8 1] @3ta-&6Ji3 4:LTt3u FeMn, Ni 
Mn, I rMn, RhMn, PtPdMn, ReMn, 
PtMn, PtCrMn, CrMn, CrAl, TbC 

0, Nimm. FeSMfc^ n immtcomt®) 

fy/CoMVfaZMm* NiBSrtbtt/FeWb»2Ji 
R CoCr, CoCrPt, CoCrTa, PtCo 
fc£feJ8V**ri:#T?£6. PtMnXteP tMntCT 

1, V, Cr, Co, Cu, Zn, Y, Z r, Nb, M 
o, Tc, Ru, Rh, Pd, Ag, Hf, T a, W, 
Re, Os, I r, Pt, Au, Si, Al, Ti, T 

[0082] emm^n*. mm* mm. mm 
mzmm* &ms mmtmrnt. omsm 2m 

BL £J§V>£o Ti, V, Cr, Co, Cu, Zn, 
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Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 
g, Hf, Ta, W, Re, Os, Ir, Pt, Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 

<Dmm&&zmme>mfa ^mwl mem. x\*z. 

tV^ilTi, V, Cr, Co, Cu, Z n, Y, Zr, 
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, T 
a, W, Re, Os, I r, Pt, Au, Si, Al, 
Ti, Ta, Pt, Ni, Co, Re, V0mm&& 

[0083] &tc, *mi<»wmmi^j vmfmm 
[oo84] S3 1 \t^m^mm^tcMmm.^y k 

<7M&mT'$>2> a Ri, ^4 2±lZ&&'\y K4 
5£, &&4 3, 3^;U4 1, ±mK4 4#**>&*fBK 

\<\ zo^v Ktc<fcu, %mm&±izm^ 

[0 0 8 5] 03 2 l«^(^^^J^T- £ M <^ 

£3*fcS£«5 2±C, S&'sy K5 1 fiiOW^ 
KSOfcflMU rft&iBW^5 3J;K{MSf»l/T 
I5^I»5 3»IhI^L, MK^^- 
l*I3$i$Sft5 3a>i:£, 0. 2/imJKT©WS* 

i^s? f 5 1 lifs^^ 5 3 iztmztxr-m&ftm^ 

[00 8 6] 

[^fis^j] ^mzmmtc^z. ^m\ztm^t\x^ 

£Alfc<J:tfCu£T@f&i2tC^T, 04O^§OD 

Ta (3nm) /Pt46Mn54 (25nm) / 
Co90Fel0 (5) /Ru (0. 9) /Co90F 
40 e 10 (5) /AlSMfcft (2nm) /Co90Fel 
0 (2nm) /Ni82Fel8 (8nm)/Ta 
(3nm) fcJS^fc. h>^l^i<7)^AlM 
JfJEi^W>attv^'fn*K DCTy*hn>;^y*{Cj: 
UffiSOsccnu ^ElmTorr^Ar^ 

fc. t©i2X 1 0-lOTo r rt^S. A lgtft$J/g 
ttAlJife^'y^tCj:*; 2nmjM»fC0. 1 mmT 

50 $r^^K0^i:titi3^t--6^rRllC 5 0 0 O e 0^S#$: 
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[0 0 8 7] g&-~m2 2mm<DT)l^vV±\CT)\s^ 
1 O/imStSLfc^ 
T^>— /I/ KJff 1 1 mCOC o65Nil2Fe2 

3 char a t%, JSTFRfW 

±*>-;i/ K® 9 —^3 1 m©C o89Zr4Ta4C 
r 3 

$6ii7-^7 0nm©7Mt 
Ift/t-f 7*JB6-Cr (10nm) /Co74. 5Cr 
10. 5Pt 1 5 (3 6nm) 

T*rW7M-m£ 7 0 nm©7;^t 
TS/-/1/ K&tf-bf-^ Ktt* *v *&C<fc 

*J/£$Ebfc. X<Z)E& SfegteSOs ccnu Ar#*JBE 
lilmTorr, fl«/W-ttO. 1A, fBi3Xl 
0"7Torri:lfeo Jf^W7^I6H DCY^N 
n>^^*tC«ty, $fe£50sccnu ^BElmT 
o r rCDXe^X#ffi^ttJlCfcV^^bfe a 
ttO. 1 A 1: L fc. HiEtt 2 X 1 0 o r r t*6. 

y^*Btt3/tnu v:7W:0. 2^nu Iff* 

u&<&ifco>T\ m&^v m^s^mrn^v raw 

ESi&T&lC. 2 0 OTC, SOOOeftSW, l^fS£D^ 

mmztitefr-Dr-. mt<D$m±iiz3. okoe, Mr 

Tte0. 3 5memu/cm2i:lfc, ^UiMK 

MM9 0% 1 ooo^mi^g^tcDM^^ 

3 3 ££0^3 4 
[0 0 8 9] Cu (4 0nm) £T@©f 2tCj§V>fc© 

&^iSfcfoe>fc^ s/Nira»ww&tt2 8dB 

&ofeCDtC*fU8|t^^ti2 1 d B^<fiTL 
fc. X, tTvh«-U-h%iWW«mttlxiO-6 
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Sfc&T&U, ^ K©R-H;i/-^fca!fifeLfc4:r 
5, 7U-Jimfcra&DkXf LI JS/^^<7U-J» 

7yit^67^^tI^0f§TWdW^i;tfe 

10 ns, 

[0 0 9 0] Al (4 0nm) SJi^feiiMfc. 

u (4 0 nm) G>m££.]ttlsT*ffiZ;t\2\ t \Zk.tfit> 
AimilG)77^VtiJ7l5077* 

[0 0 9 1] ^ #f8^<3|£fig#Ji:LT, *m&T 

m&b>*Jtfg&&tl,Tl*. /Ta (3nm) /Pt 
20 4 6Mn5 4 (2 5nm) / Co90FelO 

(5) /Ru (0. 9)/Co90FelO (5) /A 
lltfbfb (2nm) /Co90Fel0 (2nm) / 
Ni82Fel8 (8nm) /Ta (3nm) fej§*\ 

fc. h>*;i^m®e»^Ai^t^®J£^»i^T 

cm, ^ffilmTo r rOAr^^^CfeV^ 
fiHSUfc. MWiO. lAfcbfc. »£Ett2X10 
"lOTorr^. A lfiWfcfWIttA lJf&;*rCy * 
C<fcy2nmJ5jm»CO. lmmTorr(«m 
30 &*T'2 0#f^fc<*i±63£K:<fcy^$1*fc. 

[0 0 9 2] ^S&lCfcU 5 or. 5t^<Z>a&&iI£ 
SW^O^^te^lTS^C 5 0 0 O e <Z>i&^$:f$ 

[0 0 9 3] «»-J|t3 2mm©7/I/*v*±iC7;i/S 
O^m^bfc^CO 
T^KH-f$Um0Co6 5Ni 1 2Fe 2 

3 «fflfc«:at%, JETFraS) 

±S/-;i/KJB9-»JSa 1 /tmOCo89Z r4Ta4C 
40 r 3 

7 0 nmCD7;i/^t 
^7^I6-Cr (lOnm) /Co74. 5Cr 
10. 5P t 1 5 (3 6nm) 

T^-V^^Ji-^S 7 0 nm(DT;i/^^- 
7 0 nmOTJls^-t 

fee «fi»B73fc^±T^f-v^^JS©r^/5^i, t;i^ 
50 ^*-^>y h£RFv^*hn>*/ty#1-£3£:tc<fc 
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♦J^figbfco I* SgJ|li50sccnu Ar^E 
lilmTorr, jm*C7-teO. 1 A. KI43X1 
0-7Torri:^ WUrxMBJA. DCV^h 
□ >;u^y S&ftSOsccm, ^ffilmT 

o r rCDXe^X^S^tt'tCfeVxT^L/fc. 
t*0. lAi:Uco f©i2X10-8TorrT'^. 
[0 0 9 4] ZO^W K£®3 1 0>.te>fcfS$i*S£— # 

Ktcinx^<fc^x^>r^itn:u coCrTa^ 

7»3Mm, ^^^r-V^^iO. 2/tm, 10 

■CV^*ltf3&&35feV^H3£Jf4feJ:a®£S-&*Ji3CO 

fiSSKTflWC, 2 0 0*0, BOQOeWW* 1^(Z>^ 

Wm2fttefr-of=~ mte>ffi&£t\ZZ. OkOe, Mr 20 
TttO. 3 5memu/cm2i:Uc. ^IfeMK 
£J§V\T, S/Nfc<fcm^y hx^-l/-b£$Ij£b 
fc. SSI^Sl 0 0TC, MS9 0% lOOOEgf^S 
|*g^(^^^£®3 5C^i% BKHtfE3fc0!I©Cu 

[009 5] mUZBlst-T 1 -*^ 033, ^34, 

*sv*a i zrmm 2 {zm^t~m&\$^v k©b**« 

<£<, ^nJ^W1^>^M^7^^/J^v\^$:T®^2 
[0 0 9 6] iflDjSt&aeB'rSBWT. ±i&f^&T*f^ 

[0 0 9 7] StaiC, TtiTOilUMo (4 On 
m) fefflvv ^fia^C0Ar^mS:^t5»^i:tC<fc 

fl^tffW^ttT?msW2 &©*V^T, 03 50)^ 

i^(^^Ra, /\*y K£Lfc#^(Z)S/N, $3<fc 
tft^y hx5- U- hCOg^T'fe^o Ra^O. 3 nm 
OTT-ttS/N&tffc^y hx7- U- httSi:A/i3E*> 
0. 3 nm£j|^££&&tCS/N33J:tft? 
*y hx^-U- h^T« 

[0 0 9 8] T@fe^^^^f^ES:^Afc^T' 
HU\, •eit^C, fa^^T*lF@^2^®(D^7 
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7^ Tm@M2^mi:bTMo^^vNfe^^ rm 

^®20D^fc, T«©i 2±&M^;frgi8®l (AF 
M) tC£»J^Lfc^W±§»*Ra, 'VyKfcbfc 
#£*DS/N, £<fctfl^y hx^-U-h©g§^T*fe 
S. ^y Kt3D^&0^fi^^^Tm^ 2 fe©*v* 

VtoArjfttt:KL1tMfeZ.Wmz. Ra^O, 3n 
mJOTT*teS/N&tffcr*y hx^-l/- hlt&£./uXX 
fc^fc^jfA 0. 3nm&^SfcSaRKlS/Nfc,ktf 
t^y hx^-U- h/^T**i 
[0 0 9 9] 03 6^0^3 7 60^^)^, ^<fc<il** 
MoWm^m^X\tmm^Q. 3nm$:iA6i:S/ 
N&tft^y hX7-L/- h/WST-rSwiljE^b^ofc, 

^fcB^fc. rms®2*mi:urTi & 

FMC<fcU^bfc#£<OT^£Ra, ^yKilbfc 

T, 03 5©^-*&3^bfc^£[E3&T-&*. ^ 

m>ArXX&Zm-t-W&£.mmc. Ra#0. 3n 
mWCIiS/N&tJflf'y hx^- U- MitSfcA/WE 
£>£>&V*tf* 0. 3 nm£M*5£&8fcfCS/N£<fctf 

[0 100] 03 6—03 8<Z>$&^e>, RaO. 3n 
mtS/NfcJ:^ hx^-U- htfK^Xr'-f y ^ 

T, *a<03»i7?*«rfc}^*)^6. t^U fcifO. 
3 n mX* K^JX-r^ *y * tCSEto^O^t "^tt J: < 

[0 10 1] @3~©9 0»*iCD/\*y K&fWbfe. 3£ 
JBfi!»lCtt2 5 0TC, 5^(^^^^^>^^ 

MSS'tfc^Gifc: 5 0 0 o e c^#&TOabootro 

[0 10 2] h>*^R-Ta (3nm)/Pt4 
6Mn54 (2 5nm)/ Co90Fel0(5) 
/Ru (0. 9) /Co 9 0 Fe 10 (5) /Aliftfb 
t(2nm) /Co90Fel0 (2nm) /N i 8 
2Fel8/ (8) /Ta (3nm) 
g8L-mZ2m<D7)\rfy #±\ZT)V$~r$: 1 O^rn^ 

T^-^KJBl-J?S 1 #m©Co 6 5Nil2Fe2 

3 GBftttat%» OTimC) 

TW6S2-Ta (5nm) /Cu (5nm) /Ta 
(5nm) /Cu (5nm) /Ta (5nm) /Cu 
(5nm) /Ta (5nm) /Cu (5nm) 
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_t®©f8-Ta (5nm) /Au (60nm) /Ta 
(5 nm) 

±^>-;V KJi 9 1 m£)C o89Zr4Ta4C 

r3 

$S^®7-^C$ 7 0 nm<D7JV*~r 

WW7XM6-Cr (1 Onm) /Co 74. 5Cr 
10. 5P115 (36nm) (09 OM^M^^ 
<) , Ba7i7-f h (50nm) (®9<D&fcCD^ 

*> 

¥tmmm~-C\i (1. 2nm) (01 0(Z)«^ 10 
CD2*J&g) 

T^-V v^Ji"*S 7 0 nm<D7)\,$i- 
±*ir v^M"*3 7 0nm(D7Mt 

DCV^*hn>;*^y*tC<fc*J, Sfc£50scc 
rru #*flE lmTor r©A r #*#©&i£tc£vvtfifc 
ibfe. fiS&UgfcteO. lAtUc ffiEli2X10 
-lOTorrt^S. AliffcfeIttAlI$:^7^ 
tC<fc»J 2 nm&m&\C0. ImmTo r r(Z)M«#i 20 

o #mtfb£i±£ r £: ic <fc U ^fiS;$^ 0 
[0 10 3] T^-^K&t?±^-;i/Ktt^^=¥fflc<fc 

Ar^fflilmTorr, $WW-\*0. 1A, f 
ffli3XlO-7Torri:Uc. ^7^1611 D 
CT^hn^^^^lCJ:*;, Sf£S50sccm, # 
^ElmTor r<Z>Xe#*#^3ncfcV^^b 
fc. lSmttU*0. 1 Ailbfc. ^£1*2X1 0~8To 30 
r r 

[0 10 4] Zl<3^y K£03 l(2«fc3fcf2$§^--# 
K^MXfe.t^^'f^tolU CoCrTa^ 

**WBi3/im. y:/ttO. 2*inu ^ 

i&#h^v**»i2/tmi:Lfc. *Si&*Mh1W)3 

TV^^n^^^V^©^4fe<fcO c ^$-&S®3^ 

fl»7»C 2 0 OX:, SOOOeSBlW, 1 Bm<DM 

SlfflSnfcfrofc. ^0>fiH8yjte3. OkOe, Mr 
TttO. 3 5memu/cm2i:L/fc e ^UmK 

ISM:B3 91CaV*. 
[0 1 0 5] 02 3— @2 6tC^Lfc^-f 50 
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Jfc^&KfELfc. h l/Ctt, /Ta (3 

nm) /Pt46Mn54 (25nm) /Co90F 
e 10 (5) /A1WI* (2nm) /Co90Fel 
0 (2nm) /Ni82Fel8/(8)/Ta (3 
nm) fcfflVVfc. h>^;i^^C0e»^AlSKb^J^ 

JgiSOs ccm, ^fflmTorrCAr^fffl 
Wtcfc^TjMtbfc. rtBSSlftao. lAiibfc. W 

£Ett 2 X 1 0-10T orr T*&£. A 1 SKb&fJfte A 1 
Jf £;*/^y#tC<fc»;2nm^i|gg&tC0. ImmTo r r 

«w«flWi:ttaas«*rRiK s o o o e o>m#£ftt&nb 

ootrofeo SOOnm^CoCrTa^f)^^ 
T^R©iefii:UTasi2 8<Dt*©S:«v\fc. ^Kict* 
MnZn7t7-fK 9&#B-9lB*Xf&ma-9 4: b 
TtiU Ta (5nm) i:Ni80Fe20 ( 20n 
m) «EEK3Wl,T* h-*;i/©&/£5: 20 0nm(C 

[0 10 6] DCvy*hn>*ACy*lC<fc*K tIftgS 
0 s c c m, ^£ElmT orr ©X e #*#@^#UC 

fcwoRKbfc. ^^io. lAtbfco mm** 

xi0-?Tor ^3Sffii©i^i: bTtt&fbS 

ifcfiV^fc. T@f§£bT&Mo 5 nmilAu (5n 
m) «SK*BbfcI& mmmtVXittN i 8 0 F 

£50 seem, ^fflmTorrOAr^fi^ 

*tcj3v^j£Bibfc. sasimsfctio. lAiibto we 

li2X10"8Torrt^5 8 Bl^HSUii: bTteA 1 

&fb4fc&B^fc. 

[0 10 7] RF^y*bU>*rty*?Z>Z£\Zl:*) 
JftflRU $feBt*50 s c cm, Ar^ElilmTor 
r, &ms*y-\*0. 1 A, HffittS X 1 0"7To r r 
tLfco ZO^v K&03 10><fce>fcfB$£^£— 
*y RCtal£<fctf*5>f#&aXU CoCrTa^ 
±C^-*£fB$if?£bfc 0 rORS, #£i2^h^y? 
dttl. 5/tm, *Sii*^f-V*y^i0. 2 yum, 
jM*h^*y^$Ite0. ^ii^^y KSP 

<0=i^i!^JfW^7#hl/yxhWtl31tt2 5 0 

r, 2smtLf=.<, z.<Djmic£>)j£&\tm¥m2i5fa 

»3(Omb*lWE«lgU ^^T^i»7-^ bTIE 

b<i&f^b^<^o^c^T% ns^y ra^tfiaai^ 

*;Mffi«»7«C 2 0 01C, 500OeW, 1 

Oei:b£. i*#b£^yRC;*tU fB&MUOO 
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